Abstract. The aim of this study was to determine the prevalence of toxoplasma antibodies among pregnant women in Cali, Colombia. In 2005, 955 pregnant women were tested for IgG and IgM antibodies and sociodemographic information was collected. Their average age was 25.1 years, overall IgG seroprevalence 45.8% (95% CI: 41.8%, 48.2%), IgM 2.8% (95% CI: 1.5%, 3.6%). Seroprevalence increased significantly with age, 39.0% in 14 to 19 years to 55.3% in 30 to 39 years (P ‫ס‬ 0.001). There was a significant trend toward a higher seroprevalence in the lower socioeconomic strata (SES) (low: 49.0%, high: 29%, P ‫ס‬ 0.004). The increase in seroprevalence by age was more significant in the lower socioeconomic strata (P ‫ס‬ 0.002). Our results suggest a higher prevalence when compared with those of the national 1980 (33-37.6%) survey. In contrast to reports from other regions of the world, Cali has not seen a decrease in T. gondii seroprevalence over the past 25 years.
INTRODUCTION
Toxoplasma gondii is a protozoan parasite estimated to infect over one billion people worldwide. Two main routes of transmission have been described in humans-by oral ingestion of the parasite and through placental transmission to the fetus. The organism is horizontally transmitted to humans by accidental ingestion of water, food, or soil contaminated with T. gondii oocysts or consumption of meat containing T. gondii cysts that is eaten raw or undercooked. T. gondii can be vertically transmitted to the fetus during pregnancy and may cause a wide range of clinical manifestations in the offspring depending on the gestational age at which the primary maternal infection was acquired, the virulence of the parasite, and the immunologic development of the fetus. 1, 2 The prevalence of T. gondii infection in the general population of several countries including France, Belgium, and the United Kingdom and the incidence of congenital toxoplasmosis have been reported to be decreasing over the past few decades. 1, 2 The United States, with a lower overall seroprevalence than Western Europe, has also witnessed a decreased seroprevalence in the general population. 3 Several studies have shown a higher overall seroprevalence (> 60%) in Central America and South America (especially in El Salvador, 1, 4 Costa Rica, 5 and Brazil [6] [7] [8] ). However, most studies from the latter regions have not addressed trends of seroprevalence over the past 3 decades with the exception of a study from Costa Rica that revealed a decrease in seroprevalence in the central valley region of the country. 9 Although it has been suggested that toxoplasmosis is a public health problem in Colombia, it has received little or no attention. 10, 11 In 1980, the Ministry of Public Health and the National Institutes of Health of Colombia performed a national seroprevalence study by using an indirect immunofluorescence antibody test to detect IgG toxoplasma antibodies in a randomly selected sample of 9,139 people widely representing the Colombian population. This national survey determined the overall age-adjusted prevalence at 47%, with an increasing prevalence of the infection with age. Important was the observation of variations among geographical regions. The seroprevalence was higher in the Atlantic coast (63%) and lower in the Pacific region (36%). 12 Currently in Cali (the largest city of the Pacific region), local physiciansincluding infectious diseases specialists, ophthalmologists, obstetricians, pediatricians, and general practitioners-believe that toxoplasmosis appears to be both a common and significant cause of clinical illness. Despite these perceptions, epidemiologic or clinical studies have not been performed in Cali or adjacent areas to determine whether toxoplasmosis is a cause of significant illness in high-risk individuals, including immunocompromised patients or those with ocular disease and whether it is a significant cause of infection during gestation thereby placing the fetus and newborn at risk.
The purpose of this study was to perform a seroprevalence survey in pregnant women in Cali, Colombia as a first step toward a better understanding of the adverse impact that toxoplasmosis may be having on its people.
MATERIALS AND METHODS
Study area. The city of Cali, located in the Southwest region of Colombia (approximately 3°27ЈN latitude and 76°32ЈW longitude; at an altitude of 995 m above the sea level, with an area of 542 km 2 ) has a population of approximately 2.4 million (Figure 1) . It is the third largest city in the country. Cali is located in the middle of the Valley of the Cauca River, surrounded by the western and central branches of the Andes Mountains. The western area of Cali extends toward the mountains so that people in this area may live at altitudes as high as near 2,000 meters. The average annual precipitation varies between 900 mm 3 and 1,800 mm 3 and the average temperature is 24°C (74°F) with a range of 19°C to 30°C. Cali is divided into 21 localities (comunas) and has a well-organized healthcare system that takes into account the geographic location and socioeconomic status of its people as well as the complexity of their healthcare requirements. Adequate data were not available on exposure to feral cats, how well meat is cooked, or exposure to contaminated water.
Study population. From July 22, 2005 to December 31, 2005, 955 pregnant women from 12 healthcare facilities were studied in an attempt to have representation from all geographical areas and socioeconomic strata in Cali. Serum from each of the patients was obtained from clinical blood samples already drawn for routine prenatal care in the ambulatory setting or for obstetric-related care in hospitalized patients. Women who had a suspected or confirmed diagnosis of T. gondii infection during pregnancy or toxoplasmosis prior to being enrolled in the study were excluded. We classified pregnant women into 3 socioeconomic strata (SES)-Low, Middle, and High-based on a classification of 6 social strata established by the Department of National Planning of Colombia. Low SES include persons living in poor communities in the urban and suburban areas belonging to strata 1 and 2; their households income is typically less than US $200 per month. Middle SES strata include persons living in urban and suburban areas belonging to strata 3 and 4; their household income ranges from US $200-$700/month. The high SES includes persons living in urban areas belonging to SE strata 5 and 6; their household income is typically greater than US $700/month.
Pregnant women suspected or confirmed to have acquired toxoplasmosis during gestation, as a result of this seroprevalence study, were treated by their own healthcare providers with spiramycin or pyrimetamine/sulfadiazine/folinic acid depending on their gestational age. Algorithm protocols for the management of toxoplasmosis during pregnancy were made available in Spanish to each of the 12 healthcare institutions when requested.
Serological detection of T. gondii infection. Serum samples were tested for both IgG and IgM T. gondii antibodies by using a microparticle enzyme immunoassay (MEIA) method (Axsym System, Abbott Laboratories, Chicago, IL). These tests were performed at the Fundacion Valle del Lili (Cali, Colombia) per manufacturer's instructions. All sera were tested after appropriate and written consent was obtained, placed at 4°C the day they were obtained and tested within one week. Results were made available to the patients' physicians on a daily basis.
Statistical analysis. Based on prevalence data obtained in the National survey study performed in 1980, 12 
RESULTS
A total of 955 pregnant women were studied. The average age of these women was 25.1 years and the average gestational age was 23.8 weeks. Among these women, 437 were seropositive for Ig G antibodies (mean ‫ס‬ 45.8%, 95% CI: 41.83-48.24%). Twenty-seven women were positive for IgM antibodies (2.8%, 95% CI 1.5-3.6%). The mean age of women with positive IgG titers was 26.1 years, and for seronegative women was 24.9 years (P ‫ס‬ n.s.).
Seroprevalence increased significantly with increasing age ( (Table 2) , the lower SE strata had the highest prevalence, 49%. The percentages in the other strata were: 38% for the middle SE strata and 29% for the high strata ( 2 for linear trend ‫ס‬ 12.402, P ‫ס‬ 0.0043). There was a significant increase in seroprevalence with increasing age within the lower SE strata: 14-19 years: 39.1%, 20-29 years: 48.3%, and 30-39 years: 63.2% ( 2 for linear trend ‫ס‬ 9.53 P ‫ס‬ 0.002). In the Middle SE strata there was a trend toward a higher prevalence with increasing age but it did not reach statistical significance: 36%, 34.0%, and 47.0% ( 2 for linear trend ‫ס‬ 4.28 P ‫ס‬ 0.07). In the Higher SE strata there was no significant change with increasing age (Figure 2) .
Of the 27 patients who were positive by IgM antibodies, 23 FIGURE 1. Geographic localization of Colombia and of Cali, the largest city in the western region. Figure 3A) . However, all pregnant women with positive IgM test results lived only in the East and West areas of Cali (the low and middle SE strata) ( Figure  3B ).
DISCUSSION
A wide variability in the prevalence rates of T. gondii seropositivity among pregnant women has been reported worldwide. 1 A decrease in the prevalence of the infection over the past 25 years has been reported in developed countries (Table  3 ). In France the prevalence has declined from more than 80% during the 1960s to 54.3% in 1995. 1, 13 In Belgium, a major decrease was observed from 70% in 1966 to 47% in 1987. 14 In the United Kingdom (South Yorkshire) a reduction was seen from 22% in 1969 to 8% in 1990. 15 In the United States, several studies have shown a clear decrease in seroprevalence in several geographic locales (i.e., Palo Alto, California, from 24% in 1970 to 9% in 2003 1 ) and populations (in US military recruits has decreased by one third over the past 30 years from 14.4% to 9.5%
3 ). The current overall and ageadjusted seroprevalence in the United States has been estimated to be between 13% and 18%. 16 Although high prevalence rates have been reported from several Latin American countries including El Salvador, 4 Costa Rica, 5 and Brazil, 6 data are limited regarding trends of T. gondii seroprevalence in this region. A recent experience in the central valley region of Costa Rica revealed a decrease in seroprevalence from more than 70% in the 1980's to 58% in 2003. 9 When our data was compared with those reported in the 1980 National Survey an increase in seroprevalence was noted in our population ( Table 4 ). The observed seroprevalence in the 1980s in the population between 10 to 19 years and 30 to 39 yeas was 33.0% and 37.6%, respectively. Our study revealed a higher seroprevalence for these age groups: 39.0% and 55.3%, respectively (Table 1 ). These data suggest that transmission of T. gondii in the general population has been stable in some groups and localities over the past 3 decades whereas in others it appears to be increasing. Transmission may have occurred early in life (congenital or childhood) because at least 30% of the adolescent pregnant women (age group 10 to 19 years) were already infected. However, transmission appears to continue during adulthood.
Seroprevalence was higher in patients belonging to the lower SE strata suggesting that social and economic differences have a major impact on transmission of the parasite. Similar findings have been described in Brazil and Costa Rica. 6, 9 This increase was also related to age, except in the higher SE stratum in which the prevalence remained similar between the different age groups. Serologic test results suggestive of recent acquired infection (positive IgG and IgM titers) in our study were only found among women living in the lower and middle strata communities. This provides additional support for the presence of significant local risk factors for the transmission of the parasite in these socioeconomic groups at specific geographic locales (East and West areas of Cali).
Although the purpose of our study was to estimate the seroprevalence among pregnant women rather than to estimate the incidence of the infection during pregnancy, we did observe that 2.4% of women had both positive IgG and IgM antibodies. Of these women, one had recent seroconversion and the other gave birth to a newborn with congenital toxoplasmosis. Taken into account that not all women with positive IgG and IgM test results have a recently acquired infection, the incidence of acute infection during pregnancy in our study can be estimated approximately at 2-10/1.000 pregnancies, and of congenital toxoplasmosis, at least one neonate per 1.000 (0.1%). In Armenia, located in the Andes region of Colombia, the incidence of congenital toxoplasmosis has been estimated at 0.5%. 17 Several factors may explain the fact that the seroprevalence of T. gondii infection in Cali has not decreased over the past 25 years or, in fact, may be increasing. In recent years, human migration (along with their domestic animals) to major cities in Colombia has significantly increased in part due to displacement of millions of people from rural areas due to decades of violence and the war on drugs. 18 Several studies have shown that prevalence and transmission of T. gondii is higher in rural than in urban areas. 15 Exposure to infected meat could be a risk factor as well but the convention in Colombia is to eat meat cooked to well done. Exposure to soil and water contaminated with cat's feces are increasingly reported as being important in transmission to humans. 19 We believe that our recent serological findings in Cali and the phenomenon of the "displaced" that affect so many Colombians belonging to the lower socioeconomic strata have created a highly dynamic situation for the circulation of the parasite in Cali. These findings are likely to be reproduced in other major urban areas. Further studies are warranted to define the mechanism by which T. gondii is transmitted in Cali. Patients belonging to the lower SES groups had the higher prevalence rates of infection and the recent cases (positive IgG and IgM tests) were more commonly found in high-risk social and economically deprived areas (higher levels of poverty and of infant and maternal mortalities) defined by the Public Health Secretariat of Cali (http://planeacion.cali .gov.co/pot/propuesta/4-5.pdf) ( Figure 3B ).
Studies to determine the risk factors associated with the transmission of the parasite in other areas of Colombia have been performed. During the early 1980s, the national survey found no major differences in prevalence between women that lived with or without cats (41.6% versus 32.3%). 12 In a recent case-control study in Armenia, Colombia the risk factors identified for pregnant women were contact with cats aged less than 6 months, eating undercooked meat, and drinking beverages prepared with un-boiled water. 19 In recent years, the transmission due to contaminated water was identified as an important risk factor for transmission in certain areas of Canada and Brazil. A major concern is that most women in Cali are unaware of the risk factors for toxoplasmosis. Our group conducted a survey in pregnant women and found that 53% of them had not heard about toxoplasmosis. In addition, only 45% of these women could identify at least one way that they might prevent toxoplasmosis. 20 Thus, major education efforts for primary prevention of T. gondii infection are needed in Cali.
Unlike other regions of the world where the prevalence for T. gondii infection has been declining over the past several decades, in Cali, Colombia, the prevalence appear to be increasing. Further studies are warranted to investigate the possible sources of infection and the health burden toxoplasmosis is imposing into the people of Cali.
